Objective: In this study, we attempted to identify new Echinococcus granulosus isolates in the North West provinces of Iran based on the mitochondrial cytochrome c oxidase subunit 1 (CO1) sequence. Methods: Twenty-nine hydatid cysts from sheep and goats were collected. Genomic DNAs were extracted, and a partial sequence of the CO1 gene was amplified. Polymerase chain reaction products were cloned and sequenced with M13 primers in both directions. Results: All Iranian isolates were located in G1 and G3 genotypes. For the first time, a new G1 haplotype in two Iranian isolates were identified. (Turkiye Parazitol Derg 2015; 39: 286-90) 
INTRODUCTION
Cystic echinococcosis (CE) is caused by infection with the larval stage of the Echinococcus granulosus (E. granulosus) hydatid. Ten heterogeneous groups were identified in E. granulosus, defined as strains G1-G10, based on mitochondrial DNA (1, 2, 3) . However, these strains are now simplified within distinct species (4, 5) . E. granulosus includes strains G1, G2, and G3; E. equinus contains strain G4; and E. ortleppi contains strain G5. Strains G6-G10 have been also classified under a well-supported monophyletic species, E. canadensis (3, 4, 6) . Recently, the lion strain has been characterized as another new species, E. felidis (7) . Cystic echinococcosis is endemic in Iran, particularly in the North West provinces that are close to Iraq, Turkey, and Azerbaijan (8) . Three genotypes (G1, G2, and G3) have been reported previously from Iran; G1 was the predominant genotype (8, 11) .
In this study, we attempted the molecular characterization and genotyping of new Iranian isolates of E. granulosus based on the CO1 partial sequence.
METHODS

Isolates
Twenty-nine hydatid cysts from the infected liver of the intermediate host (20 sheep and 9 goats) from local abattoirs in two main provinces of the North West region of Iran (West and East Azerbaijan) where CE is endemic were collected.
DNA extraction and polymerase chain reaction (PCR)
Genomic DNA was extracted from the germinal layer of the cyst using the phenol/ chloroform/isoamyl alcohol method as described previously (10) . A portion of the CO1 mitochondrial gene, which codes for the subunit 1 of cytochrome c oxidase, was amplified by PCR.
Two primers were designed using the Oligo software: Forward 5′-TTT TTG GGC ATC CTG AGG TTT AT-3′ and Reverse 5′-TAA AGA AAG AAC ATA ATG AAA ATG-3′. PCR was performed in a 50 µl reaction mixture containing 5 µl of 10X reaction buffer, 1.5 mM MgCl 2 , 2.5 mM each of dNTPs, 0.5 unit Taq DNA polymerase enzyme (Fermentase), 10 pmol of each primer, and 100 ng of DNA. The PCR program used to amplify the CO1 gene included an initial denaturation step of 95°C for 3 min, 35 cycles of 95°C for 1 min, 52°C for 30 s, 72°C for 1 min, and final extension at 72°C for 5 min. The PCR products were visualized and evaluated in a 1% agarose gel.
Cloning and sequencing of PCR products
The PCR product of the CO1 gene was electrophoresed using 1% agarose gel, and the specific band was purified from the gel.
The ligation reaction consists of the T-vector (0.165 µg), purified PCR product (0.54 pmol ends), 10X ligation buffer (3 µl), PEG 4000 (3 µl), 1 µl T4 DNA ligase, and deionized water up to 30 µl. The ligation mix is incubated at 22°C for 16 h. The ligation product was transformed into Escherichia coli strain XL1 blue, and the positive colony was selected using PCR (Sambrook et al., 1989) . Positive plasmids were purified and then sequenced by M13 primers. The resulting sequences were analyzed by BLAST and MegAlign software.
Genotype identification
The multiple alignment and phylogenic tree were designed by MegAlign 5.0 software. Iranian isolates were compared to other sequences of CO1 from 10 E. granulosus genotypes ( Tables 1). The nucleotide sequences were clustered by the Clustal W method.
RESULTS
PCR amplification and sequencing
A partial sequence of the CO1 gene (445 bp) was amplified in all 29 samples. The PCR products were sequenced in both directions by the Sanger method ( Figure 1 ).
Genotyping
Iranian isolates were genotyped based on the nucleotide sequence alignment (nucleotide positions 93, 103, 142, 148, 232, 265, 268, and 294) of the CO1 gene (Figure 3) . Iranian isolates showed homology with two distinct G1 and G3 genotype groups (Figure 2 ). 
Polymorphism in CO1
The CO1 sequences of Iranian isolates were compared with the available sequences of different genotypes (G1-G10) in GenBank. Multiple alignments displayed 49 single nucleotide polymorphisms (SNPs) (Figure 3 ). The G1 genotype showed a unique pattern (nucleotide ''T'') in position 148, but in all Iranian isolates, this position occupied by ''C'' was identical to the G2-G3 pattern (Figure 3) . Interestingly, two Iranian G1 isolates (Ir-06 and Ir-07) showed the same pattern (nucleotide C) with the G8 genotype at the nucleotide position 268 (Figure 3 ). This is the new haplotype of the G1 genotype that was identified in Iran for the first time.
Forty-six sequences were used for phylogeny tree analysis, including new Iranian isolates and 10 genotypes reference sequences. This analysis showed that seven Iranian samples were grouped into two specific G1 (23 samples, 79.31%) and G3 (six samples, 20.69%) genotype groups ( Figure 2 ). Our data demonstrates that the G1 group genotype was formed by two single nucleotide patterns that were separated. The most important was an assemblage of one single nucleotide pattern (nucleotide C) found in two samples (ir-06 and ir-07) similar to the G8 genotype in nucleotide position 268 (Figure 3) , and the other observed G1 genotype group showed the reference profile. In the second group, 2 of the 7 Iranian samples (Ir-04 and Ir-05) were located in the G3 genotype group (Figure 2 ).
Forty-six CO1 sequences included different Iranian isolates from 2007 to 2013, and the sequences of 10 genotypes of E. granulosus were used to design a phylogeny tree ( Figure 2 ). All Iranian isolates were located in five groups in two genotypes G1 and G3. Iranian G1 genotypes were located in different groups. All G1 isolates in 2013 showed divergence with other isolates of Iran in 2007-2009 and showed maximum similarity with isolates from Turkey (group D). Two isolates of Iran (Ir-06 and Ir-07) and an isolate from Jordan were located in the new unique G1 subgroup (group C) (Figure 2 ). These are new variants of the G1 genotype with a unique nucleotide in position 268, similar to the G8 cervid strain (Figure 3) .
DISCUSSION
E. granulosus comprises a complex of genotypes, and its molecular genetic studies identified 10 genotypes (G1-G10) included in this taxon. The molecular study of the mitochondrial DNA (mtDNA) of E. granulosus classified this complex into E. granulosus sensu stricto (genotypes G1, G2, and G3), E. equinus (G4), E. ortleppi (G5), and another taxon E. canadensis (G6-G10). The main purpose of this study was to perform a genotype analysis and evaluate the polymorphisms of the CO1 gene for the identification of new variants within the Iranian isolates of E. granulosus. Based on one mitochondrial gene (CO1), we assessed the polymorphisms of 29 samples collected from different North West provinces of Iran. The mitochondrial markers could be discriminated into two separate groups, corresponding to samples from E. granulosus sensu stricto. In this study, genotype G3 and the new haplotype of genotype G1 was found in sheep in the North West province of Iran. In nucleotide position 148, nucleotide ''C'' was observed in all Iranian G1 isolates; however, nucleotide ''T'' was observed in the G1 reference sequence (EU178103.1, isolate from Turkey, 2008).
On the other hand, in SNPs in position 268, two Iranian G1 isolates, Ir-06 and Ir-07, showed similar nucleotide "C" with the G8 cervid strain. This position is a new variation in G1 genotypes. Interestingly, both changes in nucleotide positions 148 and 268 were observed simultaneously in both isolates Ir-06 and Ir-07.
This new variant has not been previously reported in Iran (9, 11) . There are hundreds of CO1 sequences of E. granulosus in GenBank, but this new pattern in Iranian G1 genotype is absolutely unique.
Based on the nucleotide sequence database of NCBI, there is only one case of a sequence with maximum identity with the two Figure 1 . Electrophoresis of the PCR products using 2% agarose gel.
M: 100 bp DNA marker and 1-6: PCR products of the CO1 partial sequence Figure 2 . Dendrogram constructed with the CO1 mitochondrial gene sequences obtained from the different samples evaluated in this study. The sequences were compared with the sequences of E. granulosus genotypes G1-G10. Phylogeny tree analysis was performed using the MegAlign software.
isolates Ir-06 and Ir-07. It was a deposited sequence from Jordan (AB688592). It seems that this genotype was transmitted from Jordan to Iran or vice versa. Although hydatidosis is endemic in north Iraq (12) and other regional countries, no report of this new haplotype from other neighboring countries has been found. Our study strongly suggests that this new G1 genotype is seen in other neighboring countries such as Turkey, Iraq, Syria, and Azerbaijan.
CONCLUSION
This new pattern provides evidence of the new transmission of E. granulosus from abroad because of domestic or wild animal trafficking across the western border of our country. We believe that we need to take more care of the boundary condition for the control of the disease.
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